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SUMMARY The systolic and diastolic function of both ventricles was assessed by radionuclide
angiography in 21 patients with Friedreich's ataxia and hypertrophic cardiomyopathy. The indices
of systolic function of the two ventricles and those of diastolic function of the right ventricle were
generally normal. But in patients with Friedreich's ataxia the time to peak filling rate divided by the
diastolic time ofthe left ventricle was significantly larger than normal. The increase correlated with
the heart rate (r = 0-79) and this suggests an alteration in the timing of ventricle filling that is more
evident at high heart rates. Movement of the left ventricle was little impaired; however, in 48% of
the patients with Friedreich's ataxia the right ventricle showed evidence of hypokinetic segments.

Because there is a tendency for congestive heart failure to develop in patients with Friedreich's
ataxia, this hypokinesis of the right ventricle should be monitored at follow up.

In earlier studies of left ventricular function in
patients with Friedreich's ataxia we found: (a) a
tendency for the pre-ejection period of the left
ventricle to increase and for the ejection period to
shorten, especially in patients with increased heart
rates'; and (b) a significant reduction in left ven-
tricular fractional shortening and ejection fraction of
the left ventricle.2 St John Sutton et al found that the
diastolic function of the left ventricle, assessed by
computerised M mode echocardiography, was
abnormal in seven patients with Friedreich's ataxia.'
Others reported a significant reduction in the thin-
ning rates of the left ventricular posterior wall
and interventricular septum in 13 patients with
Friedreich's ataxia.4
The only scintigraphic studies of left ventricular

function in patients with Friedreich's ataxia are those
of Pentland and Fox5 and Therriault et al6 in which
the ejection fraction was normal in most cases. We do
not know of any radionuclide studies of the diastolic
function of the left ventricle and the overall function
ofthe right ventricle in this disease. We have assessed
the function of both ventricles by radionuclide
angiography in a group of patients with Friedreich's
ataxia.
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Patients and method

We obtained gated blood pool scintigrams from 21
patients (12 male patients and nine female patients;
aged from 11 to 34, mean (SD) 19-5 (6 2)) in whom
Friedreich's ataxia was diagnosed by Geoffroy's
criteria7 and in whom there was echocardiographic
evidence of left ventricular hypertrophy. Neuro-
muscular impairmente was slight in six patients,
moderately severe in three, and severe in 12. None
had any signs ofheart failure. The echocardiographic
findings obtained in these cases (table 1) were
compared with reference values from 50 healthy
controls.
For the scintigraphic study we used a control

group ofeight healthy volunteers (five male and three
female, aged from 12 to 38 (mean (SD) 21 5 (5 0)).
Gated radionuclide angiography was carried out
after in vivo labelling of the erythrocytes with
stannous diethylenetriamine pentaacetic acid and
intravenous injection of 750 MBq of technetium-
99m pertechnetate. Ten minutes after injection ofthe
tracer each patient was examined in the supine
position with a large-field Anger scintillation camera
equipped with a general purpose low energy parallel
hold collimator connected on line to a minicomputer.
A computer program gated to the electrocardiogram
(SYMA, Elscint) collected and organised scintigra-
phic data into a series of24 frames on a matrix of64 x
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Table 1 Statistical comparison (Student's t test) of
echocardiographic variables in healthy controls and in
patients with Friedreich's ataxia

21 cases of
50 healthy Friedreich's
controls ataxia p

Age 23-8 (7-1) 19-5 (6-2) NS
Body surface area 1-4 (0-20) 1-5 (0-15) NS

(m2)
LVEDD (mm) 46 (3-6) 38 (5-3) < 0 01
FS0 39 (4-9) 36 (8 3) <0-05
IVSTh(mm) 7-3 (1-3) 12-3 (4-1) <0 01
LVPWTh(mm) 6-9(1-1) 10-8(1-5) <001
RWTh 0-310(005) 0-613(011) <001
LV mass index

(g/m2) 73 (16) 121 (50) <0 01
IVSTh:LVP-
WTh 1-1(0-15) 1-1(0-33) NS

LVEDD, left ventricular end diastolic diameter; FS %, left
ventricular fractional shortening; IVSTh, interventricular septum
thickness; LVPWTh, left ventricular posterior wall thickness;
RWTh, relative wall thickness; LV mass index, left ventricular mass
index.

64 pixels that spanned the average cardiac cycle. The
method has been validated for the assessment of the
ejection fraction of both ventricles.9 10
We studied each patient in a left anterior oblique

35-45' projection and in a projection obtained by
turning the crystal 400 counterclockwise. Twenty
four points that were representative of the volume
curve for each ventricle were transferred to a memory
of a desk computer (Hewlett-Packard 85) and fitted
with a Fourier series; the first four harmonics were
usually retained." The function obtained was
differentiated to compute (fig 1) peak filling rate and
peak ejection rate; the time to peak filling rate and
time to peak ejection rate divided by the length of
diastole and systole respectively were also calculated.
Furthermore, we calculated the percentage of the
stroke volume filled at the end of the rapid filling
period and the percentage of the stroke volume filled
at the end of atrial systole. We identified the end of
the rapid filling period as point C on the derived
curve.'2 The percentage stroke volume filled at the
end of atrial systole was calculated as the difference
between total stroke volume and the fraction filled at
the end ofthe rapid filling period; the contribution of
diastasis to the slow filling was discounted.

Regional wall motion was assessed by examining
the parametric images obtained by Fourier analysis
of scintigraphic data.9 Regional right ventricular wall
motion was analysed by end diastolic and end systolic
isocontours. On the right ventricular outline we
identified the anterior and inferior walls. On the left
ventricular outline we defined the septal, apical,
inferior, and posterolateral segments in the left
anterior oblique projection, and the apical and
inferior segments in the anterior projection.
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Fig 1 The upper curve is a left ventricular volume curve
obtained by equilibrium gated radionuclide angiography. The
lower curve is the first derivative of the left ventricular
volume curve. Point A is the volume at which the peak
ejection rate (PER) occurs. Point B is the volume at which
the peak filling rate (PFR) occurs. Point C is the point after
which 20% of the PFR occurs and represents the end of the
rapidfilling period. Point D on the volume curve represents
the corresponding volume that marks the end of the rapid
filling period. ED, end diastole; ES, end systole.

Table 2 Radionuclide variables describing left ventricular
function (mean (SD))

Healthy Friedreich's
volunteers ataxia
(n = 8) (n = 21) p

Heart rate (beats/
min) 64 (8) 77 (12) <0-02

Ejection fraction
(0) 71(5) 75 (12) NS

Peak ejection rate
(EDV/s) - 330 (0 38) - 3-58 (0-74) NS

TPER/ST 0 56 (0-04) 0 55 (0 05) NS
ST/RR 0-40 (0-03) 0-41 (006) NS
Peak filling rate
(EDV/s) 3-55 (0 32) 3-35 (0-73) NS

TPFR/DT 0-24 (0-06) 0-32 (0-08) < 0-025
% SV-RFP 88 (3) 89 (7) NS
% SV-AS 12 (3) 11 (7) NS

TPER/ST, time to peak ejection rate/systolic time; TPFR/DT, time
to peak filling rate/diastolic time; 00 SV-RFP, percentage stroke
volume filled at the end of the rapid filling period; 00 SV-AS,
percentage stroke volume filled during atrial systole; ST, systolic
time; RR, RR interval; EDV/s, end diastolic volume per second.

STATISTICAL ANALYSIS
All data are expressed as mean (1 SD) with the 95%
confidence limit as the range of normal values. All
comparisons between patients and healthy controls
were made by Student's t test and Bartlett's test was
used to assess the homogeneousness of variances in
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the two groups; linear regression variables were
calculated by the method of least squares.

Results

LEFT VENTRICULAR FUNCTION
Table 2 shows the data on left ventricular function.
Indices of systolic function were usually normal,
although the ejection fraction was greater than nor-
mal in nine patients and reduced (0 40) in one. The
ratio of time to peak filling rate to diastolic time was
higher in patients (mean (SD) 0-32 (0 08)) than in
normal controls (mean (SD) 0-24 (0 06)). The
increase correlated with increasing heart rate (r =
0 79); there was a 24% increase for each 10 beat/
minute increase in heart rate (fig 2).

Table 3 Radionuclide variables describing right ventricular
function

Healthy Friedreich's
volunteers ataxia
(n = 8) (n = 21) p

Heart rate (beats/
min) 64 (8) 77 (12) < 0-02

Ejection fraction
(Mo) 58 (8) 54 (13) NS

Peak ejection rate
(EDV/s) - 2-47 (0 46) - 2-25 (0-59) NS

TPER/ST 0-57 (0-15) 0 54 (0 15) NS
Peak filling rate
(EDV/s) 2-73 (0 49) 2-30 (059) NS

TPFR/DT 0-87 (0 20) 0 90 (027) NS

TPER/ST, time to peak ejection rate/systolic time; TPFR/DT, time
to peak filling rate/diastolic time; EDV/s, end diastolic volume per
second.

RIGHT VENTRICULAR FUNCTION
The data on right ventricular function in our patients
(table 3) were not statistically significantly different
from normal values.

WALL MOTION ABNORMALITIES
The frequency of wall motion abnormalities was
different in the left and right ventricles (table 4). The
left ventricle showed hypokinetic segments in three
(14%) of our 21 patients, with 8 (7-6%) of 105
segments being affected. The right ventricle showed
wall motion abnormalities in 10 (48%) patients, with
13 (31%) of 42 segments being hypokinetic. The
alterations of right ventricle wall movement,
however, were never severe enough to produce a
statistically significant reduction in the ej
tion. There were no akinetic or dyskinet
in either ventricle in any of our patients.
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Fig 2 Linear regression between heart rate ana
ventricular time to peakfilling rate divided by ti
time (LVTPFR/DT).

Table 4 Frequency of regional wall motion abnormalities of
the left and right ventricles in 21 patients with Friedreich's
ataxia

No of patients Total segments Hypokinetic
with hypokinesis examined segments
(GO)

Left ventricle 3 (14) 105 8 (8)*
Right ventricle 10 (48) 42 13 (31)t

*Septal 2, apical 1, anterolateral, 1, posterolateral 2, inferior 2.
tAnterior 10, inferior 3.

Discussion

jection frac- In our series of patients with Friedreich's ataxia and
tic segments hypertrophic cardiomyopathy, radionuclide angio-

cardiography of the left ventricle showed that overall
systolic function was generally normal, as did
Pentland and Fox (in 12 similar patients)5 and St
John Sutton et al (in seven patients examined by
computerised M mode echocardiography).3 The
slight difference seen in our cases between the data
obtained by M mode echocardiography and radio-
nuclide angiography is not surprising in view of the
different methods of calculating the ejection fraction.
The radioisotope method is better, especially in
patients like ours in whom movement ofthe interven-
tricular septum and posterior wall ofthe left ventricle

977 *0.0054~x is abnormal.
Only one of the indices that we investigated (table

2) was significantly different in the patients with
Friedreich's ataxia. This was the ratio oftime to peak

11* filling rate/diastolic-time interval, which was
100 110 increased (p < 0-02); this was an average increase of

24%o for each heart rate increase of 10 beats/minute
i left (r = 0-79). This suggests that in patients with
he diastolic Friedreich's ataxia complicated by hypertrophic

cardiomyopathy the timing of left ventricular filling
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is abnormal, with the defect being more evident at
higher heart rates. The left ventricular peak filling
rate was generally normal, and this result accords
with the computerised echocardiographic study of St
John Sutton et al in a series of seven cases' and with
that of Casazza et al who studied 13 patients.4

Echocardiographic (especially M mode) assess-
ment of the right ventricle is difficult; none the less,
there are only a few angiographic studies,""' gen-
erally of single cases of Friedreich's ataxia, showing
hypertrophy of the right ventricle, sometimes
associated with dynamic infundibular stenosis. Our
radionuclide study showed that the systolic and
diastolic function of the right ventricle is essentially
normal in such patients despite the relatively
frequent detection of regional hypokinesia, usually of
the anterior wall. With allowance for possible diag-
nostic errors caused by the difficulty of distinguish-
ing the free wall from the outflow tract of the right
ventricle, this finding may be clinically important if it
accounts for the evolution of congestive heart failure
that complicates certain cases of Friedreich's ataxia.16
It will be interesting to follow up our patients to see
whether alterations in the movement of the right
ventricle are associated with the development of
congestive heart failure.
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